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(54) Title: PROTEIN FORMULATION COMPRISING GROUTH HORMONE 



(57) Abstract 

Jh€ invention relates to injectable formulations of growth hormone or any functional analn^^uo ihi.r^^r - • 
as buffer substance. The formulation could be an aqueous solution of growth hon^o«^^^ comprising curate 

ntrate as buffer substance in a concentration of 2-50 mM. The formula^^of thritro^^^^^ ho™onrr»l '^t^^'^'l 



PROTEIN FORMULATION COMPRISING GROWTH HORMONE 



tHa pyes^r^t, invention relates to stabilized injectable 

formulation of human growth hormone (hGH) or any functional 
analogue thereof, with citrate in an concentration of about 2 
to 50 mM as buffer substance at a pH of about 5.0 to 7.0, and 
especially sodium citrate in an concentration of about 2 to 
20 mM, This buffer is used for improving stability. 

hGH is a protein consisting of a single chain of 191 amino 
acids. The molecule is cross-linked by two disulphide 
bridges and the monomeric form has a molecular weight of 22 
kDa. However, pituity human growth hormone is not 
homogeneous. For example, a smaller 20 kDa hGH variant 
produced from the same gene is also known. The "basic hGH" 
variant (hGH-V) expressed by the placenta during pregnancy is 
another analogue which is a product of a separate gene. Like 
the 22 kDa hGH it consists of 191 amino acids but in various 
positions throughout the molecule 13 of them are different. 
See e.g. Bewley TA et al; Adv Enzymol; 42; 73-166; 1975 and 
Frankenne F et al; J Clin. Endocrin and Metabol; 66; 1171-80; 
1988. 

Recombinant hGH (22 kDa) has been commercially available for 
several years. It is preferred over the pituitary derived 
products because the product prepared from human tissue might 
contain infectious agents such as that for the 
Creutzf eld- Jacob' s disease. Two types of therapeutically 
useful recombinant hGH preparations are present on the 
market: the authentic one, e.g. Genotropin, Kabi Pharmacia 
AB, and an analogue with an additional methionine residue at 
the N- terminal end, e.g. Somatonorm. 
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nHu*?,,™ H^'J" «"'"»' f PXionls With hypo 

It has often been solved by dfvina of tho r^r^*^-.^ • ..-^ 

distributed and stored In dried form Th« . 
. 0 .cons,.,, .He .... P^.e-oTa^^^r^: ^ 
course ,s a .^sadvantage and i, an i„con™„i,nce (or ,he ;!„, 

By new devices for administrations e o Rahj^-^/s. w 

one 0, ,He eo„.a«.en. and a TZsron" ^'t.l Zf' 
20 is .hen s.ab,e .o, 3 weeks 1„ sL^St a-aoc. """"^ 

wnen preparing a convneC prr'ol 

For a patient, who needs dally iniartinnc «♦ « . 
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It would facilitate the use of growth hormnn** a«w 

the protein could be produced anrdisZtrd A T'""' ' 
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Different solutions to this problem have been, disclosed, but until 
now no product hks appeared on the market. 

In WO 89/09614. Genentech. a stabilised formulation of hGH 

- fiom p r i sin g-gjyGifler mannitol a nd a buffer is dlsc t osefl and in a 

preferred embodiment a non-lonlc surfactant such as polysorbate 80 
IS added. Sodium-phosphate is suggested as buffer substance The 
formulation has an increased stability in a lyophilised formulation 
and upon reconstitution. 
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Another possibility of administering growth hormone in a solution is 
to add a block copolymer containing polyoxyethylene- 
polyoxypropyleno according to EP 211 601. International Minerals and 
Chemical Corporation. This solution provides for a prolonged release 
1 5 upon administration to the animal. 

There is a demand on the market for stabilised, injectable growth 
hormone solutions, e.g. hGH in a solution. It would also be 
advantageous if the final pharmaceutical solution only contained a 
20 minimum of addiUves. such as tensides. 

We have now found a new formulation which solves the above 
mentioned problems. 



25 

GH STABILITY 

The stability of hGH depends on the chemical and physical properties 
of the protein. 

30 Different degradation pathways are known such as deamidation 
oxidation and aggregation. 

Deamidation and oxidation are common chemical reactions 
comprising changes of the primary structure of the protein 
3 5 Deamidation occurs especially in aqueous solutions but low 

temperature and low pH of the solutions suppress the deamidation 
reaction. 
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th™^^ aggregation result from the physical instability of 

bn!hT ' ^^'"'"^ binding of 

both the forms can be covalent or non covalent. 

aggregates can_jgjye„j3 p aift^cent s o lutiono - but th ei« can a i SA ho 

non visible aggregation which only can be showt^Z^T^ 

^JZ °' in protein formulations Is of 

mportance smce such processes are Irreversible and could resi L 

irger " '"^"^^ ^^"^^ -^'-^^ -0 ivr - 

Changes In thd primary structure may also give rise to 

A large number of reactions can occur under different dH ronwi*- 
and it is almost Impossible to formulate a nr^^T^^ cond.t.ons 

eomp«,n,is. between a pH a ,o.a«, e'eTsoM o„7pH s, a«, 

Because ol this complexity it is not possible to formulate a omt.in 
Pfepa,a.,on and eliminate all the degradation paU^y 'h, IT" 
dned protein product is much more stable than ih. ™!' ! *' 
agueous solution. However, al.Hou,h";r::;„':: STs"'"' 
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sufficiently stable after processing, the protein will still 
degrade slowly during storage. 



THE INVENTION 
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The present invention provides a stabilized injectable 
formulation of human growth hormone (hGH) or any functional 
analogue thereof being stable for at least 12 months, 
consisting of hGH or analogue thereof and citrate in an 
amount of 2-50 raM as buffer substance at a pH of about 5.0 to 
7,0 to thereby stabilize said hGH or analogue in said 
formulation, and optionally one or more of an amino acid, 
sugar alcohol, glycerol, carbohydrate and preservative. 



• • • 

• • • 

• • • 

• • • 
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In preferred embodiments of the present invention, the 
formulation is characterized in that: (a) the formulation is 
an aqueous solution of hGH; or (b) the citrate as buffer 
substance has a concentration of 2 to 40 mM, more preferably 
2 to 20 mM, especially 5 mM or 10 mM; or (c) the citrate used 
as a buffer substance is sodium citrate; or (d) the pH ranges 
between about 6 and 7; or (e) the formulation contains 
glycine and/or mannitol and/or glycerol; or (f) the 
formulation contains a preservative especially benzyl 
alcohol; or (g) the hGH is recombinant hGH. 
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Thus, the formulation of the human growth hormone or any 
functional analogue thereof may include amino acids such as 
e.g. glycine and alanine and/or mannitol or other sugar 
alcohols and/or glycerol and/or other carbohydrates and 
optionally a preservative such as benzyl alcohc^ The 
solution should be isotonic. The human growth hormone is 
preferably recombinant hGH. 
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The formulation according to the invention is stable for at 
least 12 months. By stable is here meant an amount of more 
than 85% m onomer (lEF) and fragments according to SDS-PAGE of 



less than 2%, 
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The invention also relates to a process for preparation of 
the formulation by mixing human growth hormone or any 
functional analogue thereof with citrate as buffer substance 
or by adding the constituents of the final formulation on the 
last gel purification step. 

The invention also relates to a method for treatment of a 
patient in need of human growth hormone or any functional 
analogue thereof by administering the formulation of the 
invention. 

By human growth hormone (hGH) is meant both naturally 
occurring human GH and recombinant human GH (rhGH) . By 
functional analogues are meant compounds having the same 
therapeutic effect as the human growth hormone in humans. 

The growth hormone to be included in the buffer could be the 
initially isolated product or a product which has been 
freeze-dried and thereafter reconstituted. 

The concentration of the growth hormone is only dependent on 
its solubility in the used buffer and the desired 
therapeutically amount for the given dose. Preferably the 
concentration of hGH is 1 - 80 lU/ml and more preferably 2 - 
40 lU/ml. 




Aggregation in the form of precipitation observed by shaking 
the solution, is a result of denaturation at the air - liquid 
interface. This could be avoided by filling without 
headspace, thus diminishing the condition for aggregation. 
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EXAMPLE 1. 

Material for formulation studies was obtained from the ordinary 
Genotropln® process. The human growth hormone is synthesized in 
the bacterium Escherichia coll (E coli) K12. using the expression 
,-pJaamid,pAESIUhGH.3-as^m p lato. Tho hormo n e is i. » uyted out U6m 
the cell into the periplasmatic space during synthesis. Human growth 
hormone Is subsequently isolated from the E coli perlplasmic space 
after disruption of the outer bacterial membrane. 
The extract containing recombinant hGH was fractionated on DEAE- 
Sepharose FF. Two ammonium sulphate precipitation steps followed 
and thereafter two fractionation steps on DEAE-Sepharose FF 
Formulation was performed by gel filtration which serves the 
purposes of removing salts used In the previous purification steps 
and adding the constituents of the final formulation. The last column 
Sephadex G-25 (Pharmacia, diameter 1.3 cm. bed height 45 cm) was 
equilibrated with the formulation buffer. Equilibration and 
chromatography was performed at +70c. 

The desired protein concentration was achieved by diluting with the 
formulation buffer. 

The stability of seven solutions was investigated. Se table 1. 
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Table 1 

Example A 

hGH lU/ml 20 

Na-citrate, mM 5 
Na-phosphate. mM 

glycine, mM 12 

mannitol. mM 250 

PH 6.2 

Volume 1 

Starting values: 

pH 6.2 

lEF (% monomer) 98 
SDS-PAGE 

aggregates. % 0 

monomer, % 99,8 

fragments. % 0.2 

visual inspect, clear 



B 

20 

5 
12 
250 
6.3 

1 



6.3 
96 

0 

99.6 
0.4 
Clear 



C 
10 

10 
12 
250 
6.2 
1 



6.2 
99 



D 

10 

10 
12 
250 
7.4 
1 



7.4 
100 



Clear 



Clear 
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Table 1 Cont. 
Example 



B 



The results after 6 months* storage at S'C: 



PH 

lEF (% monomer) 
SD S- PAGE 



aggregates. % 
monomer. % 
fragments, % 
10 visual inspect. 



6.3 
88 

0 

99.7 
0.3 
clear 



6.4 

84 

0 

95.1 
4.9 



6.4 
88 

0 

97.5 
2.5 



7.5 

0.2 
98.4 
1.3 



15 



20 



The results after 15 months* storage at 5*C- 

pH 6.3 6.4 

lEF {% monomer) 86 75 
SDS-PAGE 

0 0.1 

98.9 92,7 

1.0 7.3 

clear clear 



aggregates. % 
monomer. % 
fragments, % 
visual inspect. 



The results after 24 months* storage at 5"C: 



25 pH 6.4 

IE F (% monomer) 88 
SDS-PAGE 

aggregates. % 0 

monomer, % 98.3 

30 fragments, % 1,7 

visual inspect, clear 

Table 2 



6.4 
71 



89,1 
10.9 
clear 
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Example e 

hGH lU/ml 4 

Na-citrate, mM 10 
Na-phosphate, mM 

glycine, mM 12 

mannitol, mM 250 

pH 6.2 

Volume 3 



10 
12 
250 
6,1 
3 



10 

10 
12 
250 
6,3 
2 



H 

10 
5 

12 
250 
6.1 
0.35 
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Table 2 Cont. 
Example e 

Starting values: 

^ Q_2_. 

lEF (% nnonomer) 99 
visual inspect, clear 



—err 

99 
clear 



97 
clear 



H 



6.1 
100 
clear 



The results after 6 months' storage at 5°C: 



PH 

15 lEF (% monomer) 
SDS-PAGE 
aggregates, % 
monomer. % 
fragments. % 

20 visual inspect. 



6.3 
89 

0 

99.8 
0.2 
clear 



6.2 


6.3 


6.6 


86 


85 


91 


0 


0.1 


0 


97.1 


95.2 


98.1 


2.9 


4.7 


1.9 


clear 


clear 


clear- 



The results after 12 months' storage at 5»C: 
pH 

2 5 lEF (% monomer) 

SDS-PAGE 

aggregate. % 

monomer. % 

fragments. % 
30 visual inspect. 



6.3 
71 

0.4 
93 
6.6 



6.5 
90 

0 

98.1 
1.8 
clear 
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ME7KX6 

ISOelgCtriC fonil<^ing (IF R with rlPn sitnmmrir pyfl luf^t'ni 
IvaluatecT'^'"'' ''"'"^'"^ '° ''''"^ °' deamidation can be 

The separation of hGH components is carried out in a pH gradient 
Which is established between two electrodes and stabilised by 
carrier ampholytes. The proteins migrate until they align themselves 
at the.r isoelectric point in the gradient, at which a protein 
possesses no net overall charge and will therefore concentrate as 
migration ceases. Thus the separation is obtained according to 
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h! TncT [ d'st"but,on of Charged hGH forms are quantified 
by dens.tometr.c scanning of Coomassle Bfue stained polypeptides 
The h,gher percentage of the mononner. the less deamidation. 

PolVDeptides si?P rik»r.h.rt}ff^ |<ypc> p^pp ^ 
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Proteins in preparations of somatropin. hGH. were denatured by 
sod,urn dodecyl sulphate (SDS) to yield negatively charged molecular 
cornplexes of SDS-proteln. Separation was then obtained according to 
molecular s.ze by electrophoresis in polyacrylamlde gels (PAGE) in 
the presen^^ of SDS. The relative polypeptide size distribution o hGH 
was quantified by desltometric scanning of the silver stained 
polypeptide bands. 

Visual infipg^^tipn 

Eu^^^d'^ir"'' °' """'^ ey«-'n3pected according to Ph. 
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25 
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PH was measured with glass and calomel electrodes. 

Examples A. E and H are according to the invention. 

From tables 1 and 2 It is clearly seen that the percentage of 

B (Na-phosphate) contains after IS months' storage at SOc 73 % 
and 98.9 % respectively. • 

For F (Na-phosphate) the relative amount of fragment is 2 9 % and th« 
percentage of monomer Is 97.1 % after 6 months' storage at 5oc E 
(Na-cltrate) has 0.2 % and 99.8 •/•. respectively 

fV^e^ar 'sC' '^'"'"'''"^ ^" ''''' -^-^^^^ °' 
D has a higher pH. but the amount of fragments Is higher than for the 
solution E using 10 mM Na-citrate buffer. 
The grade of deamidation is unacceptably high In 0. 



wo 93/19776 



PCT/SE93/0028I 



t-t 



EXAMPLE 2 

This example was performed in order to compare compositions 

>accordilig„.tCL Ihe. Jj3yantiQn..J9dtir.aad- without bof«y<-^ttee^. 

See table 3 



The formulations were prepared in the same way as explained in 
example 1. but the formulation buffer solution contained bensyl 
1 0 alcohol. 

Table 3 



Example 

1 5 hGH lU/ml 

Na-citrale. mM 
glycine, mM 
mannitol, mM 
benzyl alcohol % 

20 pH 

Volume 



1 


K 


L 


A 


20 


20 


20 


20 


10 


10 


5 


5 


12 




12 


12 


150 


150 


130 


250 


1 


1 


1 




6.3 


6.3 


6.3 


6.2 


1 


1 


3.5 


1 



The result after 3 weeks' storage at 30*0 
25 Example i 
pH 6.3 
lEF {% monomer) 67 
clarity dear 

3 0 The result after 1 month's storage at 5»C; 

6.3 6.3 6.2 

lEF (% monomer) 99 gg 



K 


L 


A 


6.3 


6.2 


6.2 


68 


64 


72 


Clear 


clear 


clear 
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pH 6.3 
4 0 I EF (y« monomer) 94 
clarity clear 
SDS-PAGE) 
aggregates. % 



6.2 
97 



Clarity clear clear clear clear 

The results after 3 months' storage at 5»C 



6.4 


6.2 


6.3 


94 


96 


94 


Clear 


clear 


Clear 




0 


0.1 
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EXAMPLE 2 

This example \yas performed in order to compare compositions 
according to the invention with and without benzyl alcohol 
See table 3 

The formulations were prepared in the same way as explained in 
example 1. but the formulation buffer solution contained bensyl 
alcohol. 



1 0 Table 3 



4 



1 5 
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Example i 

hGH lU/ml 20 

Na-citrate. mM 1 0 

;;lycine. mM i 2 

mannitol, mM 1 50 

benzyl alcohol % i 

pH 6.3 

Volume 1 



K 
20 
10 

150 
1 

6.3 
1 



L 

20 
5 
1 2 
130 
1 

6.3 
3.5 



A 

20 
5 
12 
250 

6.2 
1 



25 



30 



The result after 3 weeks' storage at SO'C* 
Example i ^ 

PH 6.3 6.3 

I EF (% monomer) 67 68 
clarity clear clear 

The result after 1 month's storage at 5»C: 



pH 6.3 
lEF (% monomeO 99 
clarity clear 



6.3 
99 
clear 



L 

6.2 
64 
Clear 



6.2 
Clear 



A 

6.2 
72 
clear 



6.2 
97 
clear 



3 5 The results after 3 months' storage at 5»C 



pH 

lEF {% monomer) 
clarity 
4 0 SDS-PAGE) 
aggregates. % 
monomer. % 
fragments, % 



6.3 
94 
clear 



6.4 


6.2 


6.3 


94 


96 


94 


Clear 


clear 


clear 




0 


0.1 




99.8 


99.4 




0.2 


0.5 
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Example 2 .s performed to show how the addition of benzyl alcohol 

mfU^enc^^ 

Benzyl alcohol is a preservative which is conditional to use in 
injectable multidose preparations. 

According to the pharmacopoeias ii is a demand that a suitable 
preservative is added to injectable multidose preparations in order 
to guarantee the microbial safety of the product. 

As benzyl alcohol has an influence on the isotonicity the amount of 
mann.tol is adjusted accordingly when benzyl alcohol is added. 

From Table 3 it is clearly seen that the addition of benzyl alcohol has 
no influence on stability when Na-citrate is used as buffer. 

EXAMPLES 

20 This example was performed in order to compare compositions 
sre^teble 4 '"^ ""''^"^ ^'^^'"^ ^"^ -^^"""o'- 

25 IxampTr?!'''°"' '''''''' '"'"^ ^'^P'^'"^^ - 
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Table 4 

30 Example M n 

hGH lU/ml 20 20 

Na-citrate, mM 5 5 

glycine, mfwl - ^2 

mannitol, mM . •jsq 

3 5 PH 6.3 6.3 



Volume 1 



1 
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Table 4. Cont 

Example m n 



The result after 1 weeks' storage at 30«C: 

6.3 



• n ^ 6-3 

10 I EF (% monomer) 92 q i 
SDS-PAGE) 

aggregates. % o o 

monomer. % 99,5 99 g 

fragments. % o.5 0 4 

15 visual inspect, clear clear 



From Table 4 It is seen that the addition of additives such n,..- 
and^-™„„,-,o, Has no ,„„„e„ce on s.my „.e„ .^JTe 
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The claims defining the invention are as follows: 

1 , A stab i lize d i ^j- ^tablo forcnula f ion hunrdu ' yiowLh 
hormone (hGH) or any functional analogue thereof being stable 
for at least 12 months, consisting of hGH or analogue thereof 
and citrate in an amount of 2-50 mM as buffer substance at a 
pH of about 5.0 to 7.0 to thereby stabilize said hGH or 
analogue in said formulation, and optionally one or more of 
an amino acid, sugar alcohol, glycerol, carbohydrate and 
preservative. 



2. Formulation according to claim 1 in which the 
formulation is an aqueous solution of hGH. 

3. Formulation according to claim 2 in which the citrate 
as buffer substance has a concentration of 2 to 20 mM. 

4. Formulation according to any one of claims 1 to 3 
wherein the citrate used as a buffer substance is sodium 
citrate and pH ranges between about 6 and 7. 

5. Formulation according to claim 4 wherein the citrate 
used is sodium citrate in an amount of 5 mM. 

6. Formulation according to claim 4, wherein the citrate 
used is sodium citrate in an amount of 10 mM. 

7. Formulation according to any one of claims 1 to 6, 
containing glycine and/or mannitol and/or glycerol. 

8. Formulation according to any one of claims 1 to 7, 
containing a preservative. 
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9. Formulation according to claim 8, which is an aqueous 
llolut i'bii' Q is benzyl alcohol- ^ 



10, Formulation according to any one of claims 1 to 9 in 
which the hGH is recotnbinant hGH. 

11, Process for the preparation of a formulation according 
to claim 1, characterised by mixing said human growth hormone 
or analogue thereof with citrate as buffer substance, or by 
adding the constituents of the final formulation of the last 
gel purification step. 



* • • 

• • • 



^0 12. Method of treatment of a patient in need of growth 

hormone or any functional analogue thereof by administering 
to a patient a formulation according to any one of claims 1 
to 10. 



• • • 
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